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Abstract
FasL expression on human immune cells and cancer cells plays important roles in immune homeostasis and in cancer
development. Our previous study suggests that polymorphisms in the FasL promoter can significantly affect the gene
expression in human cells. In addition to the functional FasL SNP -844C.T (rs763110), three other SNPs (SNP -756A.Go r
rs2021837, SNP -478A.T or rs41309790, and SNP -205 C.G or rs74124371) exist in the proximal FasL promoter. In the
current study, we established three major FasL hyplotypes in humans. Interestingly, a transcription motif search revealed
that the FasL promoter possessed two consensus T-cell factor (TCF/LEF1) binding elements (TBEs), which is either
polymorphic (SNP -205C.G) or close to the functional SNP -844C.T. Subsequently, we demonstrate that both FasL TBEs
formed complexes with the TCF-4 and b-catenin transcription factors in vitro and in vivo. Co-transfection of LEF-1 and b-
catenin transcription factors significantly increased FasL promoter activities, suggesting that FasL is a target gene of the b-
catenin/T-cell factor pathway. More importantly, we found that the rare allele (-205G) of the polymorphic FasL TBE (SNP
-205C.G) failed to bind the TCF-4 transcription factor and that SNP -205 C.G significantly affected the promoter activity.
Furthermore, promoter reporter assays revealed that FasL SNP haplotypes influenced promoter activities in human colon
cancer cells and in human T cells. Finally, b-catenin knockdown significantly decreased the FasL expression in human SW480
colon cancer cells. Collectively, our data suggest that b-catenin may be involved in FasL gene regulation and that FasL
expression is influenced by FasL SNP haplotypes, which may have significant implications in immune response and
tumorigenesis.
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Introduction
FasL (Fas ligand or CD95 ligand) is a type II membrane protein
and a member of the TNF ligand superfamily. FasL is mainly
expressed in activated T cells, NK cells, macrophages, and various
cancer cells. FasL triggers cell death and/or cell activation by
binding and clustering Fas (CD95). Fas-mediated apoptosis or
activation induced cell death (AICD) plays important roles in
maintaining peripheral immune tolerance [1]. In mouse models,
the gld and lpr mice containing the loss-of-function mutations in the
FasL (gld mice) and Fas (lpr mice) genes develop spontaneous
autoimmunity as a result of defective lymphocyte apoptosis [2,3].
The FasL/Fas system promotes immune tolerance through the
deletion of auto-reactive T cells, B cells, and macrophages [4–6].
In humans, autoimmune lymphoproliferative syndrome (ALPS or
Canale-Smith syndrome) is caused by the inherited loss-of-
function mutations in Fas or FasL [7-9]. FasL also initiates cell
activation and cell differentiation by engaging Fas, which
promotes chronic inflammation and inflammatory responses
[10,11]. Furthermore, FasL has a critical role in the pathogenesis
of AIDS and in the induction of pulmonary silicosis [12–14].
The FasL/Fas system is essential to establish and maintain
immune privilege for organs or tissues [15,16]. Most notably, FasL
is widely expressed in various human cancers such as melanoma,
hepatocellular carcinoma, lung cancer, astrocytoma, esophageal
carcinoma, gastric adenocarcinomas, ovarian carcinoma, and
colon adenocarcinomas [17–29]. FasL-expressing tumor cells kill
the tumor-infiltrating lymphocytes (TILs) through Fas-mediated
apoptosis, which is considered as the most important tool that
cancer cells use to counterattack the human immune system [30].
Furthermore, the Fas/FasL system was found to have a growth-
promoting role during tumorigenesis, highlighting that the cancer
cells expressing both FasL and Fas may have the growth
advantage through autocrine signaling [31]. Several studies
demonstrated that FasL expression on cancer cells facilitates the
establishment of tumor metastases [29,32,33]. Accumulating
genetic evidence also supports a role for FasL in cancer
development because the polymorphisms in FasL or Fas are
PLoS ONE | www.plosone.org 1 October 2011 | Volume 6 | Issue 10 | e26143associated with cancer risks [34]. Collectively, FasL seems to play a
critical role in tumorigenesis and tumor metastasis [19–
27,30,35,36].
The expression of FasL is tightly controlled in humans.
Numerous transcription factors are involved the regulation of
the FasL gene. NF-kB, NF-AT, Egr-3, and IRF-1 have been
implicated in regulation of human FasL gene [37–43]. Previously,
we reported that a polymorphic C/EBPb element in the FasL
promoter region is involved in the regulation of FasL expression
[44]. In the current study, we characterized two TCF/LEF-1
binding elements (TBEs) in the FasL promoter region. We
demonstrate that FasL TBEs are involved in the regulation of
promoter activity. Additionally, we show that FasL SNP
haplotypes affected the promoter activities in human cells.
Furthermore, our data support that b-catenin is involved in the
regulation of FasL expression in cancer cells. Our study provides
new insight into the genetics of human FasL and the mechanisms
of FasL gene regulation in human immune cells and cancer cells.
Results
FasL SNPs and SNP haplotypes
Four SNPs (-844C.T, -756A.G, -478A.T, and -205C.G)
were identified in the FasL promoter region (Fig. 1A). We were
able to construct six FasL promoter haplotypes by using PHASE
software (www.stat.washington.edu/stephens/software.html)based
on genetic data of 150 African American donors (Fig. 1B). We
further confirmed the FasL SNP haplotypes by sequencing
multiple genomic DNA clones from six heterozygous donors.
Three major FasL promoter haplotypes (FasL-1, FasL-2, and
FasL-3) were identified (Fig. 1B). FasL-2 (-844T/-756A/-478A/-
205C) is the most common haplotype with the allele frequency of
0.62. FasL-1 (-844C/-756A/-478A/-205C) is also a common
haplotype (allele frequency = 0.17). As the third major haplotype,
FasL-3 (-844T/-756G/-478A/-205G) has the allele frequency of
0.15. All the rare FasL haplotypes (FasL-4, FasL-5, and FasL-6)
have the gene frequencies less than 0.03 in the population (Fig. 1B).
Subsequently, we carried out transcription factor motif search to
look for the potential transcription elements near the FasL
polymorphic sites. Surprisingly, we found that a putative TCF/
LEF-1 binding element (TBE) is adjacent to the SNP -844C.T
and that the second putative TBE sits on the FasL SNP -205C.G
(Fig. 1C). For simplicity, we designated the putative TBE near the
SNP -844C.T as TBE1 and the TBE containing the SNP -
205C.G as TBE2 (Fig. 1C). Mutant FasL TBEs were generated
by site-directed mutagenesis in the wild-type TBEs of the promoter
reporter constructs (Fig. 1C).
Characterization of the distal TCF/LEF-1 binding element
(TBE1)
The TCF/LEF-1 transcription factor members belong to the
HMG (high mobility group) class of transcription regulators that
have a highly conserved consensus recognition core motif, 59-
CTTTG(A/T)-39 [45]. As shown in Fig. 1C, the nucleotide
sequence between position -838 and -833 (
-838ACAAAG
-833) has a
perfect match with the consensus T-cell factor (TCF/LEF-1)
binding element (59-CTTTGT-39) in the reverse orientation.
Therefore, the putative FasL TBE1 (the distal TBE) is located next
to the C/EBPb element and five nucleotides away from the SNP -
844C.T. To determine whether the putative distal TBE (TBE1)
could bind the specific transcription factors, we carried out
electrophoretic mobility shift assays (EMSA). As shown in Fig. 2A,
complexes were formed between the radio-labeled TBE1 probe
and proteins in SW480 nuclear extracts (Lane 1, 2, and 5). The
unlabeled TBE1 Specific Probe (cold SP) inhibited the complex
formation between the radio-labeled probe and the nuclear extract
(Fig. 2A, Lane 3). The anti-TCF-4 antibody significantly decreased
the specific complex formation between nuclear proteins and
TBE1 probe (Fig. 2A, Lane 4), providing evidence that TCF-4 is
one of the transcription factors that binds the TBE1. In addition,
cold Non-Specific probe (cold NP) failed to inhibit the complex
formation between the labeled TBE1 probe and nuclear proteins
(Fig. 2A, Lane 5) and the mutations within the putative TBE1
binding core sequence abrogated the binding of the transcription
factors (Lane 6).
In Wingless/Wnt signaling pathways, b-catenin could form
complexes with nuclear TCFs to regulate gene expression [46]. To
confirm whether the TBE1 probe is capable of forming super
complexes with TCFs and b-catenin, we performed EMSAs using
anti b-catenin antibody. Fig. 2B shows that radio-labeled TBE1
probe could form complexes with TCF-4 and b-catenin (Lane 1
and 4) and the unlabeled TBE1 probe inhibits the specific complex
formation (Lane 2). Furthermore, anti b-catenin antibody
dramatically decreased the formation of the probe-TCF-4-b-
catenin complexes (b-Cat arrow-pointed band, Fig. 2B, Lane 3).
Meanwhile, the probe-TCF-4 complex formation was notably
increased (TCF-4 arrow-pointed band, Fig. 2B, Lane 3),
confirming that super complexes could be formed between
TBE1 probe and TCF-4 plus b-catenin. Mutations within the
TBE1 core sequence disrupted the binding of both TCF-4 and b-
catenin (Fig. 2A, Lane 6 and Fig. 2B, Lane 5). Taken together, the
putative TBE1 adjacent to the SNP -844 is indeed a TCF/LEF-1
transcription factor-binding element.
EMSAs provided direct evidence for the physical interaction
between TCF-4 and the TBE1 probes in vitro. Next, we performed
chromatin immunoprecipitation assays (ChIP) to confirm the in
vivo interaction between the TBE1 and transcription factors (TCF-
4 and b-catenin). As shown in Fig. 2C, anti TCF-4 antibody was
able to specifically precipitate chromatin-DNA complexes con-
taining TBE1 DNA fragment (Lane 5). In addition, anti b-catenin
antibody was also able to precipitate chromatin-DNA complexes
containing TBE1 DNA fragment (Fig. 2D, Lane 5). The identity of
DNA fragments in the ChIP assay was further confirmed by direct
DNA sequencing (data not shown). Our data confirmed that
endogenous TCF-4 and b-catenin bound FasL TBE1 in vivo,
consistent with the in vitro results in Fig. 2A and 2B.
Effect of SNP -205 on the binding affinities for TCF/LEF-1
transcription factors
Multiple transcription factors (Egr-3, SP-1, and NF-AT) are
located near FasL SNP -205C.G [38-40,42]. In addition, as FasL
-205C allele is within the nucleotide sequence (59-C
-205TTTGA-
39) that matches perfectly with the consensus TBE (59-CTTTGA-
39) and therefore, we speculated that the SNP -205C.G may be
within a functional TBE (Fig. 1C, TBE2). To examine whether the
putative TBE2 is able to bind TCF-4, we carried out EMSAs using
the double-stranded DNA probes. Fig. 3A shows that the labeled
wild-type TBE2 probe (TBE2, -205C allele) formed complexes
with the SW480 nuclear extract proteins (Fig. 3A, Lane 1, 2, 5,
and 6). The complex formation was abrogated by the addition of
unlabeled wild-type TBE2 probe (cold SP) (Fig. 3A, Lane 3), but
the cold non-specific probes (cold NP) were unable to inhibit
formation of the specific complexes (Fig. 3A, Lane 5 and 6),
validating that the binding of nuclear proteins to the labeled probe
was specific. Furthermore, the anti TCF-4 antibody dramatically
reduced the complex formation (Fig. 3A, Lane 4), verifying that
the transcription factor TCF-4 binds to the TBE2 probe.
Interestingly, there was no complex formation between the labeled
Promoter Genotypes Regulate FasL Expression
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Lane 7), suggesting that function of the putative FasL TBE2 may
be affected by SNP -205 alleles.
We further determined whether the TBE2 probe can form super-
complexes with TCF-4 plus b-catenin. Besides the probe-TCF-4
complexes, we were able to detect probe-TCF-4-b-catenin super-
complexes (b-Cat arrow-pointed band, Fig. 3B, Lane 1 and 4).
Again, the unlabeled TBE2 wild-type probe (cold SP) inhibited the
specific complex formation (Fig. 3B, Lane 2). The anti b-catenin
antibody was able to disrupt the specific super-complexes
containing the labeled probe, TCF-4, and b-catenin (Fig. 3B, Lane
3). With the decrease of probe-TCF-4-b-catenin super-complexes,
the probe-TCF-4 complexes increased dramatically (TCF-4 arrow-
pointed band, Fig. 3B, Lane 3), verifying that the wild-type TBE2
probe(-205Callele)couldformsuper-complexeswithTCF-4andb-
catenin. Incontrast,the mutantTBE2 (mTBE2,-205Gallele)probe
almost lost the ability to bind TCF-4 and b-catenin (Fig. 3B, Lane
5). Taken together, our data indicate that SNP -205C.G is located
in a bona fide TCF/LEF-1 transcription factor-binding element
and the SNP -205C.G in the TEB2 affect the binding capacity for
the transcription factors (TCF-4 and b-catenin). Subsequently, we
used chromatin immunoprecipitation assays (ChIP) to examine
whether TCF-4 and b-catenin bind to FasL TBE2 in vivo. As shown
in Fig. 3C, anti TCF-4 antibody was able to specifically precipitate
chromatin-DNA complexes containing TBE2 DNA fragment (Lane
5). In addition, anti b-catenin antibody was able to specifically
precipitate chromatin-DNA complexes containing TBE2 DNA
fragment (Fig. 3D, Lane 5). The identity of DNA fragments in the
ChIP assay was further confirmed by direct DNA sequencing (data
not shown). Our data confirmed that endogenous TCF-4 and b-
catenine bound FasL TBE2 in vivo, which is in agreement with the in
vitro results shown in Fig. 3A and 3B.
Up-regulation of FasL promoter activities by human
LEF-1 and b-catenin
The high mobility group (HMG) domain of TCF/LEF-1
transcription factor family members is responsible for the binding
to target genes in a sequence specific fashion while b-catenin
provides a domain for transcription activation. The transcriptional
activation of target genes occurs only when TCF/LEF-1
transcription factors are associated with b-catenin in cell nuclei.
Nuclei of human APC
-/- colon cancer cells contain stable b-
catenin-TCF-4 complexes for target gene activation [47]. To
examine whether FasL TBEs are involved in the regulation of FasL
promoter activities, we carried out promoter reporter assays in
human colon cancer SW480 cells, which contain constitutively
high levels of active b-catenin in the nuclei [47]. As shown in
Fig. 4A, co-transfection of LEF-1 significantly increased promoter
activities of the FasL reporter construct containing two wild-type
TBEs in SW480 cells as compared with the vector control. To
further confirm that FasL promoter activities could be affected by
LEF-1 and b-catenin, we carried out the promoter reporter assays
Figure 1. FasL promoter SNP haplotypes and location of TCF/LEF-1 binding elements. A). Four SNPs (-844C.T, -756A.G, -478A.T, and
-205C.G) were identified in the FasL promoter region. B). PHASE program for haplotype reconstruction was used for haplotype analysis from 150
African American donors. The FasL promoter SNP haplotypes were verified from homozygous donors and further confirmed by sequencing genomic
DNA clones from heterozygous donors. The FasL haplotype frequencies were calculated according to the established haplotypes. C). Identification of
TCF/LEF-1 binding elements (TBEs) in the FasL promoter region. The core sequence of putative distal TCF/LEF-1 element (TBE1) is between nucleotide
position -838 to -833 while the core sequence of the putative proximal TCF/LEF-1 element (TBE2) is between nucleotide position -205 and -200. SNP
-205C.G is located within the TBE2 core sequence. The nucleotide changes (underlined) were the introduced mutations in the EMSA probes or in the
promoter reporter constructs.
doi:10.1371/journal.pone.0026143.g001
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containing two wild-type TBEs (TBE1W/2W, left two bars) were
significantly increased when cotransfected with LEF-1 and b-
catenin. On the other hand, activities of FasL promoter containing
two mutant TBEs (TBE1M/2M) failed to respond to the co-
transfection of LEF-1 and b-catenin (right two bars, Fig. 4B).
These data suggest that FasL TBEs are involved in the regulation
of the FasL promoter in human cells and that mutations in FasL
TBEs affect FasL promoter activities.
Role of FasL TBEs in human colon cancer cells
Because the proximal FasL TBE (TBE2) contains the SNP -
205C.G, next we examined whether the SNP could affect
promoter activities. We carried out the promoter reporter assays
with the constructs containing either the triplicate wild-type TBE2
(3XTBE2W, -205C allele) or the triplicate mutant TBE2
(3XTBE2M, -205G allele). As shown in Fig. 4C, triplicate wild-
type TBE2 (-205C allele) increased reporter promoter activities four
folds in SW620 cells (APC
-/- colon cancer cells) and twelve folds in
SW480 cells (APC
-/- colon cancer cells) over the vector controls
respectively. In contrast, triplicate mutant TBE2 (-205G allele)
enhanced reporter promoter activities only by 1.3 folds in SW620
cells and by 2.9 folds in SW480 cells over the vector controls.
Therefore, wild-type TBE2 (-205C allele) serves as a much better
enhancer forFasLgene expressionandthat the SNP-205C.G may
affect the FasL promoter activities in human colon cancer cells.
APC
-/- b-catenin-TCF signaling pathways specifically enhance
expression in genes containing the TCF/LEF-1 transcription
Figure 2. Binding of TCF-4 and b-catenin to the distal FasL TCF/LEF-1 binding element (TBE1). A). Radio-labeled wild-type TBE1 probe
(lane 1-5) and mutant TBE1 probe (lane 6) were incubated with 8 mg of SW480 cell nuclear extracts for 30 min. Competition experiments were
performed by preincubating with 200 fold molar excess of the unlabeled TBE1 probes (Cold SP, lane 3), or non-specific probe (Cold NP, lane 5).
Antibody binding experiments were carried out following the vendor’s instruction with anti-TCF-4 antibody (lane 4) and rabbit IgG as control (lane 1).
The arrow indicates the position of specific transcription factor complexes. Results shown were representative of four experiments. B). Radio-labeled
TBE1 (lane 1-4) and mutant TBE1 probes (lane 5) were incubated with 8 mg of Jurkat cell nuclear extracts for 30 min. Antibody binding experiments
were carried out with anti-b-catenin antibody (lane 3). The arrows indicate the position of specific transcription factor complexes. Results shown are
representative of four experiments. C). TCF-4 bound to the TBE1 of FasL promoter in a Chromatin Immunoprecipitation Assay (ChIP). ChIP assay was
performed as described in ‘‘Materials and Methods’’. Rabbit anti-human TCF-4 antibody was used to precipitate Jurkat T cell chromatin complexes
containing FasL promoter DNA fragment (lane 5). The appropriate positive (lane 2) and negative controls (lane 3 and 4) were included. Lane 1
contained DNA molecular weight marker (100 bp DNA ladders). D). b-catenin bound to the FasL promoter TBE1 in a ChIP assay. Mouse monoclonal
antibody against human b-catenin was used to precipitate Jurkat T cell chromatin complexes containing FasL promoter DNA fragment (lane 5). The
appropriate positive (lane 2) and negative controls (lane 3 and 4) were included. Lane 1 contained DNA molecular weight marker (100 bp DNA
ladders). The positive PCR products were shown as 163 bp DNA bands (pointed by arrow) in ChIP assays. The identity of DNA band was further
confirmed with DNA sequencing.
doi:10.1371/journal.pone.0026143.g002
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promoter, we generated four promoter reporter constructs. As
shown in Fig. 4D, simultaneous mutations in both TBE1 and
TBE2 (TBE1M/2M) significantly decreased FasL promoter
activities in SW480 cells. However, FasL promoter constructs
containing either one mutant TBE (single mutant TBE1 =
TBE1M/2W or single mutant TBE2 = TBE1W/2M) failed to
affect promoter activities in SW480 cells (Fig. 4D), suggesting that
a single TBE (TBE1 or TBE2) may be necessary and sufficient to
support FasL promoter function in APC
-/- colon cancer cells.
Effect of TBEs on FasL promoter activities in human T
cells
b-catenin is critical in the TCR signaling pathway which
mediates TCR2CD3-driven signals necessary for T cell differen-
tiation [48]. We speculated that TBE may be one of critical
transcription elements affecting FasL promoter function in human
T cells. In deed, as shown in Fig. 5A, FasL promoter carrying
mutant TBE1 and wild-type TBE2 (TBE1M/2W) had signifi-
cantly lower activities than that carrying both wild-type TBEs
(TBE1W/2W) in T cells at all conditions (P,0.01). Surprisingly,
FasL promoter carrying the wild-type TBE1 and mutant TBE2
(TBE1M/2W) failed to affect the FasL promoter activities in T
cells (Fig. 5A). Furthermore, although mutations in both TBE1
and TBE2 (TBE1M/2M) significantly reduced FasL promoter
activities in T cells, yet similar promoter activities were observed
between the FasL promoter carrying mutant TBE1 with wild-type
TBE2 (TBE1M/2W) and the FasL promoter carrying mutant
TBE1 with mutant TBE2 (TBE1M/2M). Collectively, our data
demonstrate that TBE1 is one of critical elements in FasL
Figure 3. Binding of TCF-4 and b-catenin to the proximal FasL TCF/LEF-1 binding element (TBE2). A). Radio-labeled wild-type TBE2 probe
(-205C allele, lane 1-6) and mutant TBE2 probe (-205G allele) (lane 6) were incubated with 8 mg of SW480 cell nuclear extracts for 30 min. Competition
experiments were performed with the unlabeled TBE2 probes (Cold SP, lane 3) or unlabeled non-specific probes (Cold NP, lane 5 and 6). Antibody
binding experiments were carried out by using anti-TCF-4 antibody (lane 4) and control rabbit IgG (lane 1). The arrow indicates the position of
specific transcription factor complexes. Results shown were representative of four experiments. B). Radio-labeled TBE2 probe (lane 1-4) and mutant
TBE2 probes (lane 5) were incubated with Jurkat cell nuclear extracts. Competition experiments were performed with the unlabeled TBE2 probe (Cold
SP, lane 2), or non-specific probe (Cold NP, lane 4). Antibody binding experiments were carried with anti-b-catenin antibody (lane 3). Arrows indicate
the position of specific transcription factor complexes. Results shown are representative of four experiments. C). TCF-4 bound to FasL TBE2 in a ChIP
assay. Anti-human TCF-4 antibody was used to immunoprecipitate Jurkat chromatin complexes containing FasL DNA fragment (lane 5). The positive
(lane 2) and negative controls (lane 3 and 4) were included. DNA molecular weight marker (100 bp ladders) was in Lane 1. D). b-catenin bound to the
FasL promoter TBE2 in a ChIP assay. Mouse monoclonal antibody against human b-catenin was used to precipitate Jurkat T cell chromatin complexes
containing FasL promoter DNA fragment (lane 5). The appropriate positive (lane 2) and negative controls (lane 3 and 4) were included. Lane 1
contained DNA molecular weight marker (100 bp DNA ladders). The positive PCR products were shown as 213 bp DNA bands (pointed by arrow) in
ChIP assays and the identity of DNA band was further confirmed with DNA sequencing.
doi:10.1371/journal.pone.0026143.g003
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important in T cells (Fig. 5A).
Differential effect of FasL SNP haplotpes in colon cancer
cells and T cells
Single TBE1 mutation dramatically reduced FasL promoter
activities in human T cells and but not in human colon cancer cells
(Fig. 5A and Fig. 4D). Because lymphocytes (T cells) and epithelial
cells (colon cancer cells) express completely different sets of
transcription factors, we speculated that FasL promoter SNP
haplotypes may function differently in T cells and colon cancer
cells. In deed, as shown in Fig. 5B, FasL-3 haplotype (-844T/-
756G/-478A/-205G) had significantly reduced promoter activities
compared to FasL-1 (-844C/-756A/-478A/-205C) in colon cancer
cells (Fig. 5B, P,0.05). In contrast, the promoter activities were not
significantly different between FasL-3 and FasL-1 haplotypes in T
cells (Fig. 5C). On the other hand, FasL-1 (-844C/-756A/-478A/-
205C) always drives the highest promoter activities and FasL-2 (-
844T/-756A/-478A/-205C) the lowest among the three major
haplotypes in colon cancer cells and in T cells (Fig. 5B and 5C). Our
data indicate that SNP haplotypes might have different effects on
FasL expression in different cell populations.
Figure 4. Role of TBEs in FasL promoter. A). Human LEF-1 increases FasL promoter activities in SW480 cells. FasL promoter reporter construct
(0.5 mg) was co-transfected with human LEF-1 expression construct or vector control plasmid DNA (0.5 mg) into SW480 cells. LEF-1 significantly
increased FasL promoter activities compared to the vector DNA control in SW480 cells. Data represent means 6 SEM from three independent
experiments (*P,0.01). B). Functional TBEs are required for the enhancement of FasL promoter activity by LEF-1 and b-catenin. FasL promoter
reporter plasmid DNA (0.5 mg) was co-transfected with LEF-1 (0.5 mg) and b-catenin (1.0 mg) into COS-7 cells. Co-transfection of LEF-1 and b-catenin
significantly increased activities of FasL promoter containing functional TBEs (TBE1W/2W) in COS-7 cells (*P,0.01). Co-transfection of LEF-1 and b-
catenin failed to significantly increase activities of FasL promoter containing mutant TBEs (TBE1M/2M). Data represent means 6 SEM from three
independent experiments. C). Promoter reporter plasmid DNA (0.5 mg) containing either triplicate wild-type TBE2 (36TBE2W, -205C allele) or triplicate
mutant TBE2 (36TBE2M, -205G allele) was transfected into SW480 and SW620 cells as described in ‘‘Materials and Methods’’. The triplicate wild-type
TBE2 (36TBE2W) significantly increased the promoter activities compared to the triplicate mutant TBE2 (36TBE2M) in SW620 (4.3 folds for wild-type
TBE2 and 1.3 folds for mutant TBE2 over the vector control respectively) and in SW480 (12.7 folds for wild-type TBE2 and 2.9 for mutant TBE2 over the
vector control respectively). Data represent means 6 SEM from six independent experiments. The star symbol indicates that there are significant
differences between 36TBE2W and 36TBE2M (*P,0.001). D). Role of FasL promoter TBEs in SW480 cells. Mutation of either TBE1 (TBE1M/2W) or TBE2
(TBE1W/2M) failed to affect the FasL promoter activities compared to the wild-type reporter construct (P=0.50 for TBE1W2M and P=0.30 for TBE1M/
2M). Simultaneous mutations of TBE1 and TBE2 (TBE1M/2M) significantly reduced FasL promoter activities compared to the construct with wild-type
TBE1 and TBE2 (TBE1W/2W) in SW480 cells (*P,0.01). Data represent means 6 SEM from four independent experiments. Relative luciferase light units
(RLU) were standardized to Renilla luciferase activities (A and B) or standardized to b-galactosidase activities (C and D).
doi:10.1371/journal.pone.0026143.g004
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SW480 cells
To further examine whether b-catenin is involved in FasL
expression, we utilized b-catenin siRNA to knockdown expression
of b-catenin in SW480 cells. As shown in Fig. 6, b-catenin mRNA
expression decreased by 88% in SW480 cells transfected with b-
catenin specific siRNA as compared to the cells transfected with
scrambled control siRNA. Concomitantly, the expression of FasL
mRNA decreased by 42% in the cells along with the decreased b-
catenin mRNA. These data indicate that b-catenin promotes
expression of FasL.
Discussion
TCF/LEF-1 transcription factors are expressed in lymphoid
cells and cancer cells. TCF/LEF-1 transcription factor family has
four major members; TCF-1, LEF-1, TCF-3, and TCF-4, which
share homology in their DNA binding domain with members of
the HMG box transcription factors family [49]. TCF/LEF-1
family members were originally identified as lymphoid-specific
DNA-binding proteins that recognize the nucleotide sequence 59-
CTTTG(A/T)-39 (or in reverse orientation, 59-(A/T)CAAAG-39)
[50–52]. TCF/LEF-1 factors bind their target DNA sequences
within gene promoters through the HMG box DNA binding
domain. The HMG box not only mediates DNA sequence
recognition, but also induces a dramatic bend in the DNA to
facilitate assembly of functional nucleoprotein structures [53,54].
DNA binding by TCF/LEF-1 alone is not sufficient to cause
transcription activation. Promoter activation is accomplished only
after a functional bipartite transcription factor is created thorough
complex formation between TCF/LEF-1 transcription factor and
b-catenin [55]. Within the functional complex, TCF/LEF-1
contributes the DNA binding and b-catenin confers the transcrip-
tion activation [56]. Therefore, TCF/LEF-1 family factors serve as
Figure 5. Differential regulation of FasL promoter activities in human T cells and in human colon cancer cells. A). Effect of TBE
mutations on FasL promoter activities in Jurkat T cells. Promoter reporter construct DNA (2 mg) was transfected into Jurkat T cells as described in
‘‘Materials and Methods’’. FasL promoter containing mutant TBE1 (TBE1M/2W) had significantly lower activities than the wild-type FasL promoter
(TBE1W/2W) (*P,0.01). FasL promoter containing mutant TBE2 (-205G allele) (TBE1W/2M) did not significantly affect promoter activities compared to
the wild-type reporter construct (TBE1W/2W) in Jurkat T cells. FasL promoter carrying both mutant TBE1 and mutant TBE2 (TBE1M/2M) also had
significantly decreased promoter activity as compared with wild-type FasL promoter (TBE1W/2W) (*P,0.01). Data represent means 6 SEM from four
independent experiments. B.) FasL promoter activities of three major haplotypes in colon cancer cells. FasL promoter reporter constructs (0.5 mg)
were transfected into SW480 cells. Both the FasL-2 and FasL-3 haplotypes had significantly lower activities compared to that of FasL-1 in colon cancer
cells (*P,0.05). C). FasL promoter activities of three major haplotypes in human T cells. Promoter reporter construct DNA (2 mg) was transfected into
Jurkat T cells as described in ‘‘Materials and Methods’’. There were no significant differences in promoter activities between FasL-3 and FasL-1 in
Jurkat T cells under various conditions (basal and stimulations with anti-CD3 or PMA plus Ionomycin). FasL-2 had significantly lower promoter
activities compared to FasL-1 and FasL-3 in Jurkat T cells (*P,0.05). All relative luciferase light units (RLU) were standardized with b-galactosidase
activities.
doi:10.1371/journal.pone.0026143.g005
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catenin binding [57]. The functional transcription complexes of
TCF/LEF-1 transcription factors and b-catenin are formed as a
result of extracellular signal transduction in which TCF/LEF-1
factors act as molecular switches for the gene expression.
TCF/LEF-1 binds a set of target genes and programs their
transcriptional competence to respond to specific signaling for b-
catenin, a key down stream component of the Wnt signaling
pathway. In the presence of Wnt signals, the signaling cascade
leads to translocation of b-catenin into nuclei, where b-catenin
interacts with TCF/LEF-1 to generate transcriptionally active
multi-protein complexes [46,49]. b-catenin is also a target of TCR
signaling pathway as TCF/LEF-1 transcription factor members
play critical roles in the T cell development [51,58].
Colon cancers typically express high levels of FasL, which
presumably serves as a potent mediator of immune privilege [28].
Expression of FasL potentially enables colon tumors to counter-
attack Fas-sensitive anti-tumor immune effector cells through Fas-
mediated death. The high prevalence of expression of FasL in
various tumor cells suggests that FasL may be a general perhaps
essential factor in the inhibition of anti-tumor responses by cancer
cells [19–29,36]. Despite the tremendous attention to define FasL
expression in cancer cells, it remains unclear how non-lymphoid
cancer cells gain ability to express FasL and whether genetic
variations affect FasL expression in cancer cells. It is well
established that mutations in the adenomatous polyposis coli
(APC) tumor suppressor gene initiate the majority of colorectal
cancers. One consequence of this inactivation is constitutive
activation of b-catenin/TCF-mediated transcription [47,59–61].
Wnt pathway targets many genes critical for cell survival and
proliferation (list of target genes can be found at www.stanford.
edu/˜rnusse/pathways/targets.html). The c-myc oncogene has
been identified as a critical target gene in the Wnt signal pathway
and the expression of c-myc was regulated by two TCF/LEF-1
binding elements (TBEs) in c-myc promoter [62]. In the current
study, we identified two TCF/LEF-1 binding elements (TBE1 and
TBE2) in human FasL promoter. We demonstrated that both
TBE1 and TBE2 were capable of forming complexes with TCF-4
and/or TCF-4-b-catenin in vitro and in vivo. Additionally, the FasL
TCF/LEF-1 binding element could serve as an enhancer in colon
cancer cells carrying APC mutations. Mutational analysis and co-
transfection assays further confirmed that TBE1 and TBE2 were
involved in the regulation of FasL promoter activities in human
cells. Furthermore, b-catenin knockdown significantly decreased
FasL expression. Taken together, we propose that FasL is a target
gene in the APC pathway and that the FasL TBEs are the critical
transcriptional elements controlling FasL expression in cancer
cells. Accordingly, one can speculate that the constitutively active
b-catenin-TCF-4 pathways would either enhance FasL promoter
activities in human cancer cells or enable cancer cells to express
FasL through binding to FasL TBEs.
The identification of TCF/LEF-1 binding elements in the FasL
promoter will provide valuable information for the understanding
of FasL expression in human cancer cells. Interestingly, both
TCF/LEF-1 binding elements in the FasL gene are either
overlapped with or adjacent to known transcription factor binding
sites. The TBE1 is overlapped with C/EBPb binding motif while
TBE2 is situated close to an Egr3 binding element (59-G
-
215TGGTGT
-207-39) (Fig. 1C). FasL promoter region around
SNP -205C.G contains several critical transcription elements that
are essential for the optimal responsiveness to TCR-mediated
activation and confer cyclosporin A sensitivity [38-40,42].
Therefore, the SNP -205C.G may affect binding of multiple
transcription factors to FasL promoter and influence the promoter
activities. In the current study, we provided the direct evidence
that the SNP -205C.G (in the context of haplotype) significantly
affect the promoter activities in cancer cells. Additionally, SNP -
205C.G has been reported to significantly associate with
hemolytic anemia in lupus patients [63], suggesting that SNP -
205C.G is a functional polymorphism.
Because the ability of cancer cells to express FasL may play
important role in tumorigenesis, we also expanded the functional
study for polymorphic C/EBPb element (SNP -844C.T) in
human colon cancer cells. We observed that the SNP in C/EBPb
also significantly altered FasL promoter activity in colon cancer
cells in the context of SNP haplotypes (Fig. 5B). One can imagine
that the differences in promoter activities of SNPs and/or SNP
haplotypes may have a significant impact in the cancer
development because the levels of FasL may affect cancer cells
to establish immune privilege and metastasis. Hence, the
polymorphism of C/EBPb (-844T/C) of FasL promoter might
have significant implication in the prognosis of cancers that rely on
FasL for metastasis. In deed, SNP in FasL promoter was reported
to be significantly associated with susceptibility to esophageal
squamous-cell carcinoma and cervical cancer, underscoring the
functional importance of FasL SNPs in the cancer development
[64,65].
Cross-linking TCR (T cell receptor) on T cells is a potent signal
to upregulate FasL expression, which plays a critical role in AICD
of T cells [66,67]. It is possible that TCR signaling may upregulate
FasL expression through b-catenin/TCF pathway in view of the
fact that TCR signaling drives nuclear accumulation of b-catenin
in human T Cells [68]. Interestingly, b-catenin nuclear accumu-
lation also down-modulates the inhibitory isoforms of TCFs
(TCF1 and LEF-1) and alters the TCF isoform balance in favor of
the stimulatory TCFs that are capable of binding b-catenin in T
cells [68,69]. Consequently, TCR signaling may result in the
upregulation of b-catenin/TCF target genes, which is consistent
with the observations of increased FasL expression after TCR
stimulation [66,67] and consistent with the assumption that FasL is
b-catenin/TCF target gene.
Figure 6. b-catenin knockdown decreases FasL expression in
SW480 cells. SW480 cells were transfected with either the scrambled
control siRNA (open bars) or the b-catenin siRNA (black bars) as
described in ‘‘Materials and Methods). b-catenin and FasL mRNA level
were calculated by relative quantification using GAPDH as the control in
real-time RT-PCR assay. Introduction of b-catenin siRNA decreased 88%
b-catenin and 42% FasL mRNA expression in SW480 cells (*P,0.01).
Data were the average of three experiments.
doi:10.1371/journal.pone.0026143.g006
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maintain immune homeostasis [66,67,70]. Consequently, the
inducibility and level of expression of FasL under basal and
induction conditions could be very crucial in maintaining immune
tolerance and homeostasis. The biological importance of FasL is
well established in TCR mediated AICD in lymphocyte
homeostasis, in the maintenance of immune privilege within
certain tissues, and in inflammations and infections. In this study,
we characterized the function of three major FasL haplotypes,
which affect the FasL promoter activities in human cancer cells
and T cells. The functional characterization of FasL SNP
haplotypes will certainly facilitate our understanding of the FasL
expression in various human diseases.
Materials and Methods
Donors
Anti-coagulated peripheral blood was obtained from healthy
normal volunteers. The human studies were reviewed and
approved by the institution review board of the University of
Alabama at Birmingham and all donors provided written informed
consent.
Nucleic acid isolation
Genomic DNA was isolated using the Puregene DNA isolation
kit (Gentra Systems, Minneapolis, MN).
Sequencing and amplification of FasL promoter region
The FasL promoter region was amplified from position -1032 to
+33 with the sense primer 59-TTA TGC CTA TAA TCC CAG
CTA CTC A-39 annealing to nucleotide position from -1032 to -
1008, and anti-sense primer 59-CTG GGG ATA TGG GTA
ATT GAA G-39 annealing to position from +12 to +33 (+1 site
corresponds to the A of the ATG translation start codon). The
PCR reaction was performed in a 9700 PCR System with 500 ng
of DNA, 300 nM of each primer, 200 mM of dNTPs, 1.5 mM of
MgCl2, and 2.5 U of Taq polymerase in a 50-ml reaction volume
starting with 95uC for 5 min, 35 cycles of denaturing at 94uC for
30 s, annealing at 58uC for 45 s, extension at 72uC for 1 min with
a final extension at 72uC for 7 min. All the PCR products
(1065 bp) were separated on 2.5% agarose gels and purified with
the QIAquick Gel Extraction Kit (QIAGEN, Valencia, CA). The
purified PCR products were sequenced from both directions using
BigDye terminator sequence kit on an ABI 377 Sequencer
(Applied Biosystems, Inc., Foster City, CA). All new data have
been deposited in GenBank SNP database as rs763110 for (SNP -
844C.T), rs2021837 (SNP -756A.G), rs41309790 (SNP -
478A.T), and rs74124371 (SNP -205 C.G).
Reagents
Rabbit anti human TCF-4 polyclonal IgG was from Santa Cruz
Biotechnology (Santa Cruz, CA). Mouse anti b-catenin mAb IgG
was obtained from Transduction Laboratories (Lexington, KY).
Transfection reagents DMRIE-C and Lipofectamine 2000 were
from Invitrogen. Reagents and vectors for luciferase assays were
from Promega (Madison, WI). Protease inhibitor cocktail was
obtained from Roche Diagnostics (GmbH, D-68305 Mannheim,
Germany).
FasL promoter reporter constructs
The FasL luciferase reporter constructs were generated by
cloning a Kpn I/Hind III-flanked FasL promoter DNA (1026 bp)
fragment into pGL3-Basic vector (Promega, Madison, WI). The
Kpn I/Hind III-flanked DNA products were generated by PCR
amplification with human genomic DNA using upper primer 59-
GGC GGA GGT ACC CTA TAA TCC CAG CTA CTC AG-39
(underlined and bold nucleotides are Kpn I cutting site, the primer
anneals at position from -1026 to -927) and lower primer 59-GTT
CCG AAG CTT GGC AGC TGG TGA GTC AGG C-39
(underlined and bold nucleotides are Hind III cutting site, the
primer anneals at position from -19 to -1). The successive changes
at nucleotide position -844, -756, -205 (TBE2), and TBE1 (-838C
and -833C) were generated on reporter constructs by using
QuikChange Site-Directed mutagenesis kit (Stratagene, La Jolla,
CA) following the vendor’s instruction. For -844T construct, sense
primer 59-AAA TGA AAA CAT TGT GAA ATA CAA AGC
AG-39 and anti-sense primer 59-CTG CTT TGT ATT TCA
CAA TGT TTT CAT TT-39 were used. For -756G construct,
sense primer 59-TTA ACC TGT AAG TTA TGG TGA TCG
GC-39 and anti-sense primer 59-GCC GAT CAC CAT AAC
TTA CAG GTT AA-39 were used. For -205G allele (mutant
TBE2, TBE2M) construct, sense primer 59-AGT GAG TGG
GTG TTT GTT TGA GAA GCA GAA-39 and anti-sense primer
59-TTC TGC TTC TCA AAC AAA CAC CCA CTC ACT-39
were used. For mutant TBE1 (TBE1M) construct, sense primer 59-
GCG AAA TCC AAA CCA GCT-39 and anti-sense primer 59-
AGC TGG TTT GGA TTT CGC-39 were used (underlined and
italic letters are either natural SNPs or intentional mutations).
Generation of the triplicate TBE2 promoter reporter
constructs
Four oligos were synthesized for the generation of triplicate
TBE2. For the triplicate wild-type (-205C allele) TBE2 promoter
reporter construct, the sense strand oligo (59-GGC GGA GGT
ACC GTG GGT GTT TC
-205T TTG AGA GTG GGT GTT
TC
-205T TTG AGA GTG GGT GTT TC
-205T TTG AGA GGT
ACC TAA TGA-39) and the anti-sense strand oligo (59-TCA TTA
GGT ACC TCT CAA AG
-205A AAC ACC CAC TCT CAA AG
-
205A AAC ACC CAC TCT CAA AG
-205A AAC ACC CAC
GGT ACC TAA TGA-39) (underlined nucleotides are Kpn I
cutting site and the italic nucleotide is -205G/C SNP site) were
annealed to form double-stranded DNA. The double-stranded
DNA was then digested with restriction enzyme Kpn I and cloned
into pGL3-Promoter reporter vector (Promega). Similarly, the
mutant (-205G allele) TBE2 construct was generated by using the
sense strand oligo (59-GGC GGA GGT ACC GTG GGT GTT
TG
-205T TTG AGA GTG GGT GTT TG
-205T TTG AGA GTG
GGT GTT TG
-205T TTG AGA GGT ACC TAA TGA -39) and
anti-sense strand oligo (59-TCA TTA GGT ACC TCT CAA A-
C
-205A AAC ACC CAC TCT CAA AC
-205A AAC ACC CAC
TCT CAA AC
-205A AAC ACC CAC GGT ACC TAA TGA-39).
Generation of the human LEF-1 and b-catenin expression
constructs
The human lymphoid enhancer factor-1 (LEF-1) expression
construct was generated by cloning the full length LEF-1 coding
region cDNA (1200 bps) into the pcDNA3.1/HisC vector
(Invitrogen). The BamH I/EcoR I-flanked LEF-1 cDNA fragment
was amplified with RT-PCR from human leukocyte cDNA
synthesized with the SuperScript
TM Preamplification System
(Invitrogen). The upper primer 59-CCG CGT GGA TCC ATG
CCC CAA CTC TCC GGA GGA-39 (underlined nucleotides are
BamH I cutting site) anneals at position from 655 to 675 and lower
primer 59-CAC GAT GAA TTC TCA GAT GTA GGC AGC
TGT CAT-39 (underlined nucleotides are EcoR I cutting site)
anneals at position from 1834 to 1854 (human LEF-1 GenBank
accession number: AF288571). The human b-catenin expression
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catenin coding region cDNA (2388 bps) into pcDNA3.1 (Invitro-
gen). The BamH I/Not I-flanked RT-PCR products were
generated with human cDNA using an upper primer (59-CGC
GGA GGA TCC GAA AAT CCA GCG TGG ACA ATG GCT
AC-39, underlined nucleotides are BamH I cutting site) annealing
at position from 197 to 222 and a lower primer (59-AAG GAA
AAA AGC GGC CGC CAG ACA ATA CAG CTA AAG GAT
GAT-39, underlined nucleotides are Not I cutting site) annealing at
position from 2561 to 2584 (human b-catenin GenBank accession
number: X87838). The RT-PCR reactions were carried out with
KOD HiFi DNA Polymerase (Novagen, EMD Biosciences, Inc.,
Madison, WI) for human LEF-1 or with Expand Long Template
PCR System (Roche Diagnostics GmbH, D-68305 Mannheim,
Germany) for human b-catenin by following vendors’ instructions.
The sequences and orientations of all cloned constructs were
verified by fluorescent automated DNA sequencing from both
directions on an ABI 377 Sequencer with ABI BigDye Terminator
Cycle Sequencing Kit.
Transient transfection and luciferase assays
Human colon cancer cell lines SW480 and SW620 with APC
mutations (APC
-/-) were obtained from ATCC (Manassas, VA).
The cells were maintained in the L-15 medium supplemented with
10% fetal calf serum and L-glutamine (2 mM). The COS-7 cells
(ATCC) were maintained in the DMEM medium supplemented
with 10% fetal calf serum and L-glutamine (2 mM). The transient
transfections were carried out in a 6-well tissue culture plate
(Corning). The cells (2610
5 cells per well) were transiently
transfected with 4 ml of Lipofectamin 2000 reagent (Invitrogen),
0.5 mg reporter construct plasmid DNA, and 0.05 mg pRL-null
plasmid DNA (Promega) (or pCMV.SPORT-b-gal plasmid DNA,
Invitrogen)) by following vendor’s instruction. The transfected cells
were cultured for 20 hours before being washed twice with PBS
(pH 7.4). The cells were lysed in the wells with the addition of
500 mlo f1 6 lysis buffer for the Luciferase Assay Systems
(Promega, Madison, WI). The cell supernatants were used for
luciferase reporter assays by following vendor’s instruction
(Promega, Madison, WI).
The human leukemic T cell line (Jurkat clone E6-1, ATCC) was
maintained in RPMI with 10% fetal calf serum, penicillin (1000
units/ml), streptomycin (1000 units/ml), and glutamine (2 mM).
Each transient transfection experiment was carried out with 2610
6
Jurkat cells, 2 mg of reporter construct plasmid DNA plus 0.5 mgo f
pCMV.SPORT-b-gal plasmid DNA, and 4 ml of DMRIE-C
reagent. Transfected cells were then cultured separately without
treatment (no treatment), with treatment of 50 ng/ml PMA plus 1
mM ionomycin (PMA+Iono), or with anti-CD3 treatment (aCD3)
for 18 hrs as previously described [44]. The harvested cells were
washed twice with PBS (pH 7.4) before being lysed in 300 mlo f1 6
lysis buffer. Cell debris was removed by centrifugation and the
supernatants were used in the luciferase reporter assay [44].
Relative luciferase light units, standardized to b-galactosidase
activities in luciferase assays or standardized to Renilla luciferase
activities in dual luciferase reporter assays, are reported as the
mean of triplicate samples.
Nuclear extract preparations
SW480 cancer cells were grown to monolayer and harvested by
treating with 0.25% trypsin and 0.02% EDTA. Jurkat cells
(3.5610
6/ml) were either stimulated with 10 mg/ml of LPS for
two hours or cultured on anti-CD3 mAb coated plates for 3.5 hours
before nuclear proteins were extracted as previously described [44].
Electrophoretic mobility shift assays (EMSAs)
For each binding reaction, 8 mg of nuclear extract was
incubated in 16 binding buffer (4% glycerol, 1 mM MgCl2,
0.5 mM EDTA, 0.5 mM DTT, 50 mM NaCl, 10 mM Tris-HCl,
pH 7.5, and 50 mg/ml poly(dI-dC)
.poly(dI-dC)) with
32P labeled
probes in a volume of 10 ml. Binding reactions were carried out at
room temperature for 30 min with 50,000 cpm (0.1–0.5 ng) of
double-stranded oligonucleotides end-labeled with [c-
32P]ATP
using T4 polynucleotide kinase. Unlabeled specific (SP) or non-
specific (NP) competitor probes were used at 200-fold excess.
Protein/DNA complexes and unbound DNA probe were then
resolved on 5% non-denaturing polyacrylamide gel and visualized
by autoradiography. The following double-stranded oligonucleo-
tide probes were used in these experiments: 1) wild-type TBE1
(TBE1), 59-GCG AAA TAC AAA GCA GCT-39; mutant TBE1
(mTBE1), 59-GCG AAA TCC AAA CCA GCT-39 (the
underlined nucleotides are introduced mutations). 2) wild-type
TBE2 (-205C allele, TBE2), 59-GTG GGT GTT TCT TTG
AGA-39; mutant TBE2 (-205G allele, mTBE2), 59-GTG GGT
GTT TGT TTG AGA-39 (SNP -205 is underlined); nonspecific
probe (NP), 59-AAA ACA TTG TGA AAT ACA-39. Assays with
anti TCF-4 or anti b-catenin antibodies were carried out by
following vendors’ instruction (Santa Cruz, CA; Transduction
Laboratories, Lexington, KY).
Confirmation of the TBE/DNA bindability by the
chromatin immunoprecipitation (ChIP) assay
Chromatin immunoprecipitation (ChIP) assays were performed
with Chromatin Immunoprecipitation Assay Kit as described by
the vendor (Upstate, Lake Placid, NY). Briefly, Jurkat T cells
(1610
7) were washed twice with ice cold PBS. The cells were fixed
and cross-linked in 1% formaldehyde. The cells were then
centrifuged and washed twice with ice cold PBS containing 16
proteinase inhibitor cocktail (Roche Diagnostics GmbH, D-68305
Mannheim, Germany). Finally, the cells were lysed in SDS Lysis
Buffer for 10 minutes on ice. The lysates were sonicated to shear
DNA to lengths between 200 and 600 bps. The sonicated cell
supernatant was diluted 10 folds in ChIP dilution buffer and pre-
cleared with salmon sperm DNA/Protein A agarose beads for 30
minutes at 4uC with agitation. Anti human TCF-4 antibody was
added to the pre-cleared supernatant. Salmon sperm DNA/
Protein A agarose beads were used to collect the antibody/
transcription complexes. The DNA extracted from the precipitat-
ed complexes was used for PCR amplification by following the
vendor’s instruction. For TBE1 ChIP assay, upper primer 59-AAT
AAA TAA ACT GGG CAA ACA-39 (annealing from position -
883 to -863) and lower primer 59-AAC TAC CAT TTA CCC
TGA CCT-39 (annealing from position -741 to -721) were used.
For TBE2 ChIP assay, upper primer 59-CAG AAA ATT GTG
GGC GGA AAC TT-39 (annealing from position -291 to -269)
and lower primer 59-CGG GAC CCT GTT GCT GAC TG-39
(annealing from position -97 to -78) were used. The ChIP assay
PCR reactions were set up with 300 nM of each primer, 200 mM
of dNTPs, 1.5 mM of MgCl2, 2.5 U of Taq polymerase, and 2 ml
of the DNA template in a 50-ml reaction volume. The cycle
reaction was started with 95uC for 5 min, 40 cycles of denaturing
at 94uC for 30 s, annealing at 56uC for 45 s, extension at 72uC for
1 min with a final extension at 72uC for 7 min. The specific ChIP
DNA products were separated on 2.5% agarose gels along with the
100 bp DNA molecular weight marker (Invitrogen) and the
identities of PCR products of ChIP assays were further confirmed
with direct DNA sequencing.
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Haplotypes were deduced from homozygous donors and by
using the PHASE 2.0.1 program for haplotype reconstruction
[71,72]. Further confirmation of the FasL SNP haplotypes was
carried out by cloning FasL promoter genomic DNA (1065 bps)
from six heterozygous donors. The FasL promoter DNA fragment
was cloned into pGEM-T Easy Vector (Promega Cor., Madison,
WI) following vendor’s manual. At least ten clones from each
donor were sequenced on an ABI 377 Sequencer with ABI Dye
Terminator Cycle Sequencing Kit.
b-catenin knockdown and quantitative real-time RT-PCR
The human colon cancer cell line SW480 was maintained in
DMEM supplemented with 10% fetal calf serum and L-glutamine
(2 mM). Cells (5610
5) were plated in each well of 12-well plates.
Cells were transfected with 50 nM (final concentration in medium)
of siRNA corresponding to either b-catenin or a Scrambled
control siRNA (Dharmacon, SMARTpool siRNA, ThermoFischer
Lafeyette, CO) using Lipofectamine 2000 transfection reagent
(Invitrogen, Carlsbad, CA) after they reached 75% confluence
(approximately 24 hours after plating). Cells were harvested
48 hours after transfection and RNA was isolated using the
Qiagen RNAeasy isolation system (Qiagen, MD) according to
manufacturer’s instructions. Purified RNA samples were subse-
quently treated with RNAse-free DNAse I (Invitrogen) before
reverse transcription with Quantas qScript cDNA Supermix
according to manufacturer’s instructions (Quantas Biosciences,
MD). Real-time RT-PCR was performed using Ssofast EvaGreen
Supermix with low Rox (Biorad, CA) on a 7500 Real Time PCR
System with 7500 Software v2.0.1 (Applied Biosytems, Foster City,
CA). Melting curve analysis was performed to ensure that the
primers amplified the desired amplicons and that primer dimers
were absent. The following primers were used for our assay: b-
catenin-Forward (59-TCT TGC CCT TTG TCC CGC AAA
TCA-39), b-catenin-Reverse (59-TCC ACA AAT TGC TGC
TGT GTC CCA-39), GAPDH-Forward (59-CCT CAA CGA
CCA CTT TGT-39), GAPDH-Reverse (59-TGG TCC AGG
GGT CTT ACT-39), FasL–Forward (59- AAC CAA GTG GAC
CTT GAG ACC ACA-39), and FasL–Reverse (59-TTC ACA
TGG CAG CCC AGA GTT CTA-39). Fold change in mRNA
expression was calculated by relative quantification using the
comparative CT method with GAPDH as endogenous control.
The experiments were repeated three times with triplicate samples.
Data analysis
TESS (Transcription Element Search Software; http://www.
cbil.upenn.edu/tess/) and MatInspector (http://www.gsf.de/
biodv/matinspector.html) were used to search for candidate
transcription factors around the SNP sites. Differences in FasL
promoter activities of various constructs were analyzed by
Student’s t test. The null hypothesis was rejected at the 95%
confidence level (P,0.05).
Author Contributions
Conceived and designed the experiments: JW LAH XX RPK. Performed
the experiments: JW MHR JH RL XX FX. Analyzed the data: JW MHR
LAH XX JH RL FX RPK. Contributed reagents/materials/analysis tools:
JW XX AWG JCE. Wrote the paper: JW XX AWG JCE RPK.
References
1. Nagata S, Golstein P (1995) The Fas death factor. Science 267: 1449–1456.
2. Watanabe-Fukunaga R, Brannan CI, Copeland NG, Jenkins NA, Nagata S
(1992) Lymphoproliferation disorder in mice explained by defects in Fas antigen
that mediates apoptosis. Nature 356: 314–317.
3. Takahashi T, Tanaka M, Brannan CI, Jenkins NA, Copeland NG, et al. (1994)
Generalized lymphoproliferative disease in mice, caused by a point mutation in
the Fas ligand. Cell 76: 969–976.
4. Singer GG, Abbas AK (1994) The fas antigen is involved in peripheral but not
thymic deletion of T lymphocytes in T cell receptor transgenic mice. Immunity
1: 365–371.
5. Elkon KB, Marshak-Rothstein A (1996) B cells in systemic autoimmune disease:
recent insights from Fas- deficient mice and men. Curr Opin Immunol 8:
852–859.
6. Ashany D, Song X, Lacy E, Nikolic-Zugic J, Friedman SM, et al. (1995) Th1
CD4+ lymphocytes delete activated macrophages through the Fas/APO-1
antigen pathway. Proc Natl Acad Sci U S A 92: 11225–11229.
7. Sneller MC, Wang J, Dale JK, Strober W, Middelton LA, et al. (1997) Clincial,
immunologic, and genetic features of an autoimmune lymphoproliferative
syndrome associated with abnormal lymphocyte apoptosis. Blood 89:
1341–1348.
8. Rieux-Laucat F, Blachere S, Danielan S, De Villartay JP, Oleastro M, et al.
(1999) Lymphoproliferative syndrome with autoimmunity: A possible genetic
basis for dominant expression of the clinical manifestations. Blood 94:
2575–2582.
9. Wu J, Wilson J, He J, Xiang L, Schur PH, et al. (1996) Fas ligand mutation in a
patient with systemic lupus erythematosus and lymphoproliferative disease. J Clin
Invest 98: 1107–1113.
10. Ma Y, Liu H, Tu-Rapp H, Thiesen HJ, Ibrahim SM, et al. (2004) Fas ligation on
macrophages enhances IL-1R1-Toll-like receptor 4 signaling and promotes
chronic inflammation. Nat Immunol 5: 380–387.
11. Rescigno M, Piguet V, Valzasina B, Lens S, Zubler R, et al. (2000) Fas
engagement induces the maturation of dendritic cells (DCs), the release of
interleukin (IL)-1beta, and the production of interferon gamma in the absence of
IL-12 during DC-T cell cognate interaction: a new role for Fas ligand in
inflammatory responses. J Exp Med 192: 1661–1668.
12. Li-Weber M, Weigand MA, Giaisi M, Suss D, Treiber MK, et al. (2002)
Vitamin E inhibits CD95 ligand expression and protects T cells from activation-
induced cell death. J Clin Invest 110: 681–690.
13. Dosreis GA, Borges VM, Zin WA (2004) The central role of Fas-ligand cell
signaling in inflammatory lung diseases. J Cell Mol Med 8: 285–293.
14. Borges VM, Falcao H, Leite-Junior JH, Alvim L, Teixeira GP, et al. (2001) Fas
ligand triggers pulmonary silicosis. J Exp Med 194: 155–164.
15. Griffith TS, Brunner T, Fletcher SM, Green DR, Ferguson TA (1995) Fas
ligand-induced apoptosis as a mechanism of immune privilege [see comments].
Science 270: 1189–1192.
16. Bellgrau D, Gold D, Selawry H, Moore J, Franzusoff A, et al. (1995) A role for
CD95 ligand in preventing graft rejection [see comments] [published erratum
appears in Nature 1998 Jul 9;394(6689):133]. Nature 377: 630–632.
17. Houston A, O’Connell J (2004) The Fas signalling pathway and its role in the
pathogenesis of cancer. Curr Opin Pharmacol 4: 321–326.
18. Zhang W, Ding EX, Wang Q, Zhu DQ, He J, et al. (2005) Fas ligand expression
in colon cancer: a possible mechanism of tumor immune privilege.
World J Gastroenterol 11: 3632–3635.
19. Hahne M, Rimoldi D, Schroter M, Romero P, Schreier M, et al. (1996)
Melanoma cell expression of Fas(Apo-1/CD95) ligand: implications for tumor
immune escape [see comments]. Science 274: 1363–1366.
20. Strand S, Hofmann WJ, Hug H, Muller M, Otto G, et al. (1996) Lymphocyte
apoptosis induced by CD95 (APO-1/Fas) ligand-expressing tumor cells--a
mechanism of immune evasion? [see comments]. Nat Med 2: 1361–1366.
21. Niehans GA, Brunner T, Frizelle SP, Liston JC, Salerno CT, et al. (1997)
Human lung carcinomas express Fas ligand. Cancer Res 57: 1007–1012.
22. Saas P, Walker PR, Hahne M, Quiquerez AL, Schnuriger V, et al. (1997) Fas
ligand expression by astrocytoma in vivo: maintaining immune privilege in the
brain? J Clin Invest 99: 1173–1178.
23. Bennett MW, O’Connell J, O’Sullivan GC, Brady C, Roche D, et al. (1998) The
Fas counterattack in vivo: apoptotic depletion of tumor- infiltrating lymphocytes
associated with Fas ligand expression by human esophageal carcinoma.
J Immunol 160: 5669–5675.
24. Bennett MW, O’Connell J, Houston A, Kelly J, O’Sullivan GC, et al. (2001) Fas
ligand upregulation is an early event in colonic carcinogenesis. J Clin Pathol 54:
598–604.
25. Bennett MW, O’Connell J, O’Sullivan GC, Roche D, Brady C, et al. (1999)
Expression of Fas ligand by human gastric adenocarcinomas: a potential
mechanism of immune escape in stomach cancer [see comments]. Gut 44:
156–162.
26. Rabinowich H, Reichert TE, Kashii Y, Gastman BR, Bell MC, et al. (1998)
Lymphocyte apoptosis induced by Fas ligand- expressing ovarian carcinoma
cells. Implications for altered expression of T cell receptor in tumor-associated
lymphocytes. J Clin Invest 101: 2579–2588.
27. O’Connell J, O’Sullivan GC, Collins JK, Shanahan F (1996) The Fas
counterattack: Fas-mediated T cell killing by colon cancer cells expressing Fas
ligand. J Exp Med 184: 1075–1082.
28. O’Connell J, Bennett MW, O’Sullivan GC, Roche D, Kelly J, et al. (1998) Fas
ligand expression in primary colon adenocarcinomas: evidence that the Fas
Promoter Genotypes Regulate FasL Expression
PLoS ONE | www.plosone.org 11 October 2011 | Volume 6 | Issue 10 | e26143counterattack is a prevalent mechanism of immune evasion in human colon
cancer. J Pathol 186: 240–246.
29. Shiraki K, Tsuji N, Shioda T, Isselbacher KJ, Takahashi H (1997) Expression of
Fas ligand in liver metastases of human colonic adenocarcinomas. Proc Natl
Acad Sci U S A 94: 6420–6425.
30. O’Connell J, Bennett MW, O’Sullivan GC, Collins JK, Shanahan F (1999) The
Fas counterattack: cancer as a site of immune privilege. Immunol Today 20:
46–52.
31. Chen L, Park SM, Tumanov AV, Hau A, Sawada K, et al. (2010) CD95
promotes tumour growth. Nature 465: 492–496.
32. Li H, Fan X, Stoicov C, Liu JH, Zubair S, et al. (2009) Human and mouse colon
cancer utilizes CD95 signaling for local growth and metastatic spread to liver.
Gastroenterology : - 137: 934–944, 944 e931-934.
33. Maeda A, Aragane Y, Tezuka T (1998) Expression of CD95 ligand in
melanocytic lesions as a diagnostic marker. Br J Dermatol 139: 198–206.
34. Liu Y, Wen QJ, Yin Y, Lu XT, Pu SH, et al. (2009) FASLG polymorphism is
associated with cancer risk. Eur J Cancer 45: 2574–2578.
35. Yokomizo H, Yoshimatsu K, Ishibashi K, Hashimoto M, Yosida K, et al. (2003)
Fas ligand expression is a risk factor for liver metastasis in colorectal cancer with
venous invasion. Anticancer Res 23: 5221–5224.
36. Houston A, Bennett MW, O’Sullivan GC, Shanahan F, O’Connell J (2003) Fas
ligand mediates immune privilege and not inflammation in human colon cancer,
irrespective of TGF-beta expression. Br J Cancer 89: 1345–1351.
37. Latinis KM, Norian LA, Eliason SL, Koretzky GA (1997) Two NFAT
transcription factor binding sites participate in the regulation of CD95 (Fas)
ligand expression in activated human T cells. J Biol Chem 272: 31427–31434.
38. Li-Weber M, Laur O, Hekele A, Coy J, Walczak H, et al. (1998) A regulatory
element in the CD95 (APO-1/Fas) ligand promoter is essential for responsive-
ness to TCR-mediated activation. Eur J Immunol 28: 2373–2383.
39. Li-Weber M, Laur O, Krammer PH (1999) Novel Egr/NF-AT composite sites
mediate activation of the CD95 (APO- 1/Fas) ligand promoter in response to T
cell stimulation. Eur J Immunol 29: 3017–3027.
40. Norian LA, Latinis KM, Koretzky GA (1998) A newly identified response
element in the CD95 ligand promoter contributes to optimal inducibility in
activated T lymphocytes. J Immunol 161: 1078–1082.
41. Holtz-Heppelmann CJ, Algeciras A, Badley AD, Paya CV (1998) Transcrip-
tional regulation of the human FasL promoter-enhancer region. J Biol Chem
273: 4416–4423.
42. Mittelstadt PR, Ashwell JD (1998) Cyclosporin A-sensitive transcription factor
Egr-3 regulates Fas ligand expression. Mol Cell Biol 18: 3744–3751.
43. Kirchhoff S, Sebens T, Baumann S, Krueger A, Zawatzky R, et al. (2002) Viral
IFN-regulatory factors inhibit activation-induced cell death via two positive
regulatory IFN-regulatory factor 1-dependent domains in the CD95 ligand
promoter. J Immunol 168: 1226–1234.
44. Wu J, Metz C, Xu X, Abe R, Gibson AW, et al. (2003) A novel polymorphic
CAAT/enhancer-binding protein beta element in the FasL gene promoter alters
Fas ligand expression: a candidate background gene in African American
systemic lupus erythematosus patients. J Immunol 170: 132–138.
45. Alexander-Bridges M, Ercolani L, Kong XF, Nasrin N (1992) Identification of a
core motif that is recognized by three members of the HMG class of
transcriptional regulators: IRE-ABP, SRY, and TCF-1 alpha. J Cell Biochem
48: 129–135.
46. Clevers H, van de Wetering M (1997) TCF/LEF factor earn their wings. Trends
Genet 13: 485–489.
47. Korinek V, Barker N, Morin PJ, van Wichen D, de Weger R, et al. (1997)
Constitutive transcriptional activation by a beta-catenin-Tcf complex in APC-/-
colon carcinoma [see comments]. Science 275: 1784–1787.
48. Xu Y, Banerjee D, Huelsken J, Birchmeier W, Sen JM (2003) Deletion of beta-
catenin impairs T cell development. Nat Immunol 4: 1177–1182.
49. Brantjes H, Barker N, van Es J, Clevers H (2002) TCF: Lady Justice casting the
final verdict on the outcome of Wnt signalling. Biol Chem 383: 255–261.
50. Oosterwegel MA, van de Wetering ML, Holstege FC, Prosser HM, Owen MJ,
et al. (1991) TCF-1, a T cell-specific transcription factor of the HMG box family,
interacts with sequence motifs in the TCR beta and TCR delta enhancers. Int
Immunol 3: 1189–1192.
51. Travis A, Amsterdam A, Belanger C, Grosschedl R (1991) LEF-1, a gene
encoding a lymphoid-specific protein with an HMG domain, regulates T-cell
receptor alpha enhancer function [corrected]. Genes Dev 5: 880–894.
52. Waterman ML, Fischer WH, Jones KA (1991) A thymus-specific member of the
HMG protein family regulates the human T cell receptor C alpha enhancer.
Genes Dev 5: 656–669.
53. Giese K, Cox J, Grosschedl R (1992) The HMG domain of lymphoid enhancer
factor 1 bends DNA and facilitates assembly of functional nucleoprotein
structures. Cell 69: 185–195.
54. Love JJ, Li X, Case DA, Giese K, Grosschedl R, et al. (1995) Structural basis for
DNA bending by the architectural transcription factor LEF-1. Nature 376:
791–795.
55. Hsu SC, Galceran J, Grosschedl R (1998) Modulation of transcriptional
regulation by LEF-1 in response to Wnt-1 signaling and association with beta-
catenin. Mol Cell Biol 18: 4807–4818.
56. Barker N, Morin PJ, Clevers H (2000) The Yin-Yang of TCF/beta-catenin
signaling. Adv Cancer Res 77: 1–24.
57. Roose J, Molenaar M, Peterson J, Hurenkamp J, Brantjes H, et al. (1998) The
Xenopus Wnt effector XTcf-3 interacts with Groucho-related transcriptional
repressors. Nature 395: 608–612.
58. Ioannidis V, Beermann F, Clevers H, Held W (2001) The beta-catenin--TCF-1
pathway ensures CD4(+)CD8(+) thymocyte survival. Nat Immunol 2: 691–697.
59. Morin PJ, Sparks AB, Korinek V, Barker N, Clevers H, et al. (1997) Activation
of beta-catenin-Tcf signaling in colon cancer by mutations in beta-catenin or
APC [see comments]. Science 275: 1787–1790.
60. Rubinfeld B, Albert I, Porfiri E, Munemitsu S, Polakis P (1997) Loss of beta-
catenin regulation by the APC tumor suppressor protein correlates with loss of
structure due to common somatic mutations of the gene. Cancer Res 57:
4624–4630.
61. Sparks AB, Morin PJ, Vogelstein B, Kinzler KW (1998) Mutational analysis of
the APC/beta-catenin/Tcf pathway in colorectal cancer. Cancer Res 58:
1130–1134.
62. He TC, Sparks AB, Rago C, Hermeking H, Zawel L, et al. (1998) Identification
of c-MYC as a target of the APC pathway [see comments]. Science 281:
1509–1512.
63. Duran S, Apte M, Alarcon GS, Marion MC, Edberg JC, et al. (2008) Features
associated with, and the impact of, hemolytic anemia in patients with systemic
lupus erythematosus: LX, results from a multiethnic cohort. Arthritis Rheum 59:
1332–1340.
64. Sun T, Miao X, Zhang X, Tan W, Xiong P, et al. (2004) Polymorphisms of
death pathway genes FAS and FASL in esophageal squamous-cell carcinoma.
J Natl Cancer Inst 96: 1030–1036.
65. Sun T, Zhou Y, Li H, Han X, Shi Y, et al. (2005) FASL -844C polymorphism is
associated with increased activation-induced T cell death and risk of cervical
cancer. J Exp Med 202: 967–974.
66. Brunner T, Mogil RJ, LaFace D, Yoo NJ, Mahboubi A, et al. (1995) Cell-
autonomous Fas (CD95)/Fas-ligand interaction mediates activation- induced
apoptosis in T-cell hybridomas [see comments]. Nature 373: 441–444.
67. Ju ST, Panka DJ, Cui H, Ettinger R, el-Khatib M, et al. (1995) Fas(CD95)/FasL
interactions required for programmed cell death after T- cell activation [see
comments]. Nature 373: 444–448.
68. Lovatt M, Bijlmakers MJ (2010) Stabilisation of beta-catenin downstream of T
cell receptor signalling. PLoS One 5.
69. Willinger T, Freeman T, Herbert M, Hasegawa H, McMichael AJ, et al. (2006)
Human naive CD8 T cells down-regulate expression of the WNT pathway
transcription factors lymphoid enhancer binding factor 1 and transcription
factor 7 (T cell factor-1) following antigen encounter in vitro and in vivo.
J Immunol 176: 1439–1446.
70. Zhang HG, Su X, Liu D, Liu W, Yang P, et al. (1999) Induction of specific T cell
tolerance by Fas ligand-expressing antigen- presenting cells. J Immunol 162:
1423–1430.
71. Stephens M, Smith NJ, Donnelly P (2001) A new statistical method for haplotype
reconstruction from population data. Am J Hum Genet 68: 978–989.
72. Stephens M, Donnelly P (2003) A comparison of bayesian methods for haplotype
reconstruction from population genotype data. Am J Hum Genet 73:
1162–1169.
Promoter Genotypes Regulate FasL Expression
PLoS ONE | www.plosone.org 12 October 2011 | Volume 6 | Issue 10 | e26143